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(54) R-TM-B PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a policy for developing an R-TM-B permanent magnet 
having high magnetic performance. 

SOLUTION: This R-TM-B permanent magnet has a grain boundary phase near the interface 
between an R2TM14B magnetic phase and an R3TM grain phase has a rhombic structure, and 
the magnetic phase is in alignment with the grain phase. In an R2TM14B intermetaliic 
compound, the R contains larger than or equal 50 at.% Nd and Pr, and TM is Fe or Co and 
contains larger than or equal to 50 at.% Fe. In addition, an R3TM alloy contains larger than or 
equal to 90 at.% R. Moreover, in the R2TM14B intermetaliic compound, the TM contains larger 
than or equal to 50 at.% Fe and >0.1 at.% Co and, in an R3TM intermetaliic compound, the TM 
contains larger than or equal to 90% Co. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused h>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the R-TM-B system permanent magnet which are a 
R-TM-B system permanent magnet raw material, R-TM-B system permanent magnet intermediate 
field, and a final product about a R-TM-B system permanent magnet (rare earth elements, TM 
containing R:Y: transition metals). 
[0002] 

[Description of the Prior Art] A R-TM-B system permanent magnet has outstanding magnetic 
properties, and is used for various applications. Although there are the various manufacture 
approaches in a R-TM-B system permanent magnet, there are a sintering process and a super- 
quenching method as the typical manufacture approach. After fabricating a sintering process in the 
configuration of arbitration, grinding an ingot with a specific presentation to single crystal 
impalpable powder with a mean particle diameter of several micrometers, and carrying out 
orientation of this in a field as indicated by JP,59-46008,A, it is an approach of sintering and 
obtaining a bulk-like magnet. A super-quenching method is an approach of depositing detailed 
crystal grain by super-quenching an alloy with a specific presentation by approaches, such as a chill 
roll method, changing it into an amorphous condition, and subsequently heat-treating as indicated by 
JP,60-9852,A. The magnet alloy obtained with the super-quenching method is usually powdered, and 
is used with the gestalt of a bond magnet by mixing with resin and generally, fabricating this. 
Furthermore, the approach of grinding and sintering quenching sheet metal is also used. 
[0003] 

[Problem(s) to be Solved by the Invention] With such a conventional technique, by repeating sample 
creation and assessment and performing them, various kinds of conditions of a magnetic production 
process are optimized, and magnetic magnetic properties are raised experientially. However, it is 
difficult to attain the fast improvement in magnetic properties by such experiential approach. 
Moreover, when the presentations of a permanent magnet differ, it is necessary to repeat sample 
creation and assessment and to perform them, respectively. 

[0004] This invention makes it a technical problem to offer the guide for designing the R-TM-B 

system permanent magnet which has the magnetic high engine performance. 

[0005] 

[Means for Solving the Problem] Conventionally, the structure of the interface of magnetic magnetic 
properties, the main phase (magnetic phase) which determines coercive force especially, and a grain 
boundary interphase was strange. For this reason, with the conventional technique, magnetic 
magnetic properties are experientially raised by optimizing various kinds of conditions of a magnetic 
production process. Such experiential technique requires the time amount and costs for sample 
creation and assessment upwards, and there is a limitation in improvement in a magnet property. 
[0006] Then, this invention persons are not based on experiential technique, and as a result of 
searching for the fundamental problem how there should be any structure of an ideal interface, it sets 
into the various magnet ingredients in which the coercive force developmental mechanics of a 
nucleation mold is shown. The ease of a nucleation is dependent on the magnitude of a crystal 
magnetic anisotropy [ / hear the outermost shell of a magnet phase ]. By controlling the value of the 
anisotropy constant Kl near the outermost shell more than the interior, equivalent, or it at least, a 
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nucleation is controlled, and a header and as a result of advancing research further wholeheartedly, it 
comes to complete this invention for the ability of magnetic coercive force to be heightened. 
[0007] This invention has the following element in the 1 st view. The magnetic phase which the 
crystal structure mainly becomes from the R2TM14B intermetallic compound (rare earth elements, 
TM containing R:Y: transition metals) which is ******. The grain boundary phase which mainly 
consists of an R3TM alloy. The crystal structure of a grain boundary phase [ / near the interface of a 
magnetic phase and a grain boundary phase ] should be prismatic crystal structure. The magnetic 
phase and the grain boundary phase should have consistency. In the 2nd view, it sets to an 
R2TM14B intermetallic compound, and the sum total of Nd and Pr in R is more than 50at%. For 
TM, Fe in TM is more than 50at% at Fe or Co. It sets into an R3TM alloy and R is more than 90at%. 
In the 3rd view, it sets to an R2TM14B intermetallic compound, and Fe in TM is more than 50at%. 
Co in TM is more than 0.1 at%. It sets to an R3TM intermetallic compound, and Co in TM is more 
than 90at%. In the 4th view, based on said 1st view, crystallographic orientation relationship [ / near 
the interface of a magnetic phase and a grain boundary phase ] should be expressed with a lot, even 
if there is little following. The include angle of a gap of orientation relationship should be less than 5 
degrees. 
[0008] 
[Formula 2] 

(ooi)a8«iffi//(ooimiMB*^o[iioiMffi«//[iiom#ffi - (a) 

(001)?Ste^g//(110)3fe^ffld-o[110MeW/[00m^ffl (B) 

{m)mBm//(ni)nm^t^-:>immvim/miommm - (d) 

[0009] In the 5th view, the magnetic phase whose crystal structure is ****** should be included. 
The grain boundary phase whose crystal structure [ / near the interface with a magnetic phase ] is a 
prismatic crystal should be included. The magnetic phase and the grain boundary phase should have 
consistency on both sides of an interface. Use the source of an R2TMI4B intermetallic compound 
(rare earth elements, TM containing R:Y: transition metals) which demonstrates ferromagnetism, 
and the soixrce of an R3TM alloy in the 6th view. Deposit R2TM14B ******. Deposit an R3TM 
prismatic crystal around an R2TM14B tetragonal phase (a part of perimeter or all). Raise the crystal 
magnetic anisotropy of the R2TM14B tetragonal phase near [ which was made to adjust an 
R2TM14B tetragonal phase and an R3TM prismatic crystal phase, and was adjusted ] the interface. 
[0010] Here, the principle of this invention is explained by making into an example the R-TM-B 
system permanent magnet which mainly consists of a main phase (ferromagnetic phase) which 
consists of being an R2TM14B intermetallic compound (preferably single crystal object), and a grain 
boundary phase which consists of an R3TM alloy. In addition, although it is known that a B-rich 
phase (RH-alphaTM4 B4), a R-TM metastable phase, the oxide formed in process and unescapable, 
carbide, etc. exist in a R-TM-B system permanent magnet besides the above-mentioned main phase 
and a grain boundary phase, these phases of the effect affect the magnetic properties of this 
permanent magnet are secondary compared with the two phase of this main phase and this grain 
boundary phase. 

[001 1] In a R-TM-B system permanent magnet, if Co is made to contain in TM, it is known that high 
relaxation and corrosion resistance of Curie temperature will improve, and it is a well-known 
technique to add Co of an amount suitable in a R-TM-B system permanent magnet for these object, 
except for an above-mentioned approach ~ the mechanical alloying method, hot pressing, the hot- 
rolling method, and HDDR — there are the various well-known manufacture approaches, such as 
law. However, regardless of the manufacture approach, all R-TM-B system permanent magnets 
consist of two phases, even if there are few main phases which consist of a single crystal object of an 
R2TM14B intermetallic compound, and grain boundary phases which consist of an R3TM 
intermetallic compound. 

[0012] If existence of a grain boundary phase is required for the manifestation of magnetic coercive 
force and R components required for formation of a grain boundary phase generally run short during 
a magnetic presentation, coercive force will decline. This is considered for it to become impossible 
for the two phase of R2TM14 B phase and an R3TM phase to live together by equilibrium, for 
ferromagnetic phases, such as R2TM17 phase, to deposit in the grain boundary of R2TM14 B phase 
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instead, and for that to serve as an origin of reverse magnetic-domain generating, to carry out flux 
reversal easily, and for coercive force to decline with lack of R component. 
[0013] Moreover, in order to give practically sufficient coercive force for the R-TM-B system 
permanent magnet produced with the sintering process, it is shown clearly by micro observation of 
this interface by the transmission electron microscope that it is required for the main phase and the 
grain boundary phase to have touched by the smooth interface without a lattice defect. This reason is 
explained for that to serve as an origin of reverse magnetic-domain generating, to carry out flux 
reversal easily, and for coercive force to decline if a lattice defect etc. exists in an interface. 
[0014] this invention persons did the knowledge of there being the following troubles about a gestalt 
with the grain boundary phase desirable when making the outstanding magnetic properties which the 
R-TM-B system permanent magnet by the above-mentioned conventional technique has discover 
which constitutes this permanent magnet. Namely, although the knowledge about the existence of 
the defect of an interface with the presentation field, and the main phase and the grain boundary 
phase in which an R3TM grain boundary phase exists was acquired, it was not known for the Prior 
art about the crystal structure and the desirable orientation relationship with the main phase of an 
R3TM grain boundary phase. For this reason, it was impossible to have made the magnetic 
properties which controlled the micro structure of a R-TM-B system permanent magnet with a 
specific presentation, and were excellent discover. Instead, with the conventional technique, 
magnetic magnetic properties were experientially raised by optimizing various kinds of conditions of 
a magnetic production process. 

[001 5] That is, since the stracture of the interface of magnetic magnetic properties, the main phase 
which determines coercive force especially, and a grain boundary interphase was strange, it means 
that various processings (for example, heat treatment etc.) considered to change the structure of an 
interface are performed to a magnet, and the condition of an interface had controlled the magnet 
property with the black box. Although such a way was convenient when optimizing the manufacture 
conditions of the magnet of each presentation, it was very difficult to raise a magnet property fiirther, 
with no guide on ingredient development how there should be any structure of an ideal interface. 
[0016] this invention persons did the knowledge of the magnetic properties which were excellent 
when the grain boundary phase which consists of an R3TM intermetallic compound (Co in TM is 
more than 90at%) which has the crystal structure of a prismatic crystal in the grain boundary of all 
the R-TM-B system permanent magnets containing Co existed and the main phase and the grain 
boundary phase had touched by the interface mutually being acquired, as a result of performing 
micro analysis of the grain boundary phase of various R-TM-B system permanent magnets using a 
transmission electron microscope (TEM). 

[0017] moreover, this invention persons about the structure of the interface of the grain boundary 
phase of a R-TM-B system permanent magnet and the main phase (R2TM14 B phase) in which an 
R3TM grain boundary phase with the above-mentioned prismatic crystal structure exists The result 
observed in the detail with the high-resolution transmission electron microscope (HR-TEM), the 
scanning tunneling microscope, etc., a microstructure is controlled so that the main phase and a grain 
boundary phase have specific crystallographic orientation relationship [ near the interface ], and the 
thing which the bi-phase adjusts and to which it comes suddenly, and it is alike and magnetic 
properties become the highest is found out. 

[001 8] With reference to diwing_l , drawing 2 (A), and (B), a difference of distribution of a crystal 
magnetic anisotropy [ / near the interface ] is explained by the case where the main phase 
(ferromagnetic phase) and the grain boundary phase have consistency by the interface, and the case 
where it does not have consistency. In drawing 1 or drawin g 2 (A), and (B), the "outermost shell" of 
an axis of abscissa shows the location of the atomic layer of the outermost part of the main phase, 
and "the 2nd layer" and the "3rd layer" are counted toward the interior from an outermost shell 
location, respectively, and shows the location of the 2nd and the 3rd atomic layer. The distance fi-om 
an outermost shell shows the location which can disregard a long distance and the effect fi-om an 
interface in the n-th layer. An axis of ordinate shows the magnitude of the uniaxial anisotropy 
constant Kl (the strength of a crystal magnetic anisotropy is shown) of the main phase among the 
graph of drawm , and the sense of the spontaneous magnetization of the main phase is stabilized 
in the direction of an easy axis (c axis), so that the value of Kl is large. Moreover, among drawing 
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i , an example (this invention) shows the calculated value of Kl in the conditions which the main 
phase and the grain boundary phase adjust by the interface, as shown in drawing 2 (A), and as it 
shows the example of a comparison to drawing 2 (B), it shows the calculated value of Kl in case 
there is mismatching of an interface etc. by lack of a grain boundary phase etc. 

[0019] With reference to drawing 1 , in the example of a comparison, the magnitude of an anisotropy 
constant Kl changes a lot, and the value of Kl in an outermost shell is falling remarkably compared 
with the interior with the distance from an interface. On the other hand, in an example, with the 
distance from an interface, the magnitude of an anisotropy constant Kl seldom changes, but the 
anisotropy constant Kl is going up in an outermost shell phase rather. Therefore, since according to 
the example of a comparison the energy which the nucleation of a reverse magnetic domain takes in 
an outermost shell falls locally and a nucleation and flux reversal become easy, magnetic coercive 
force declines. On the other hand, according to the example, rather, since it is higher than the 
interior, the nucleation of a reverse magnetic domain [ in / in Kl in an outermost shell / an interface ] 
is controlled, and, as a result, magnetic coercive force increases. 
[0020] 

[Embodiment of the Invention] The gestalt of desirable operation of this invention is explained 
taking the case of a sintering process. Also in the manufacture approach of other well-known R-TM- 
B system permanent magnets, it is the same as that of a sintering process about the concrete 
approach of discovering the structure of a desirable interface. 

[0021] As a raw material, the R-TM-B alloy of a well-known presentation which is indicated by 
JP,59-46008,A can be used. If the sum total of Nd and Pr in R is less than [ 50at% ], since the 
magnetic coercive force and the residual magnetization which are obtained will fall remarkably, 
more than its 50at% is desirable, and in order that the sum total of Nd and Pr in R may raise coercive: 
force, it is also desirable [ the sum total ] to permute a part of Nd by Dy or Tb. Although TM is Fe or 
Co, since the magnetic coercive force and the residual magnetization which will be obtained if Fe in 
TM is less than [ 50at% ] fall, more than 50at% of Fe in TM is desirable. Moreover, it is desirable to 
make Co in TM more than 0. 1 at% in order to raise Curie temperature and to improve corrosion 
resistance. In addition, it is also possible to add alloying elements other than the above for the 
various object. 

[0022] A still more desirable permanent magnet has the main phase which the crystal structure 
becomes from the single crystal object of the R2TM14B intermetallic compound (it is the rare earth 
elements containing R:Y, the sum totals of Nd and Pr in R are more than 50at%, TM:Fe, and Co, and 
Co in more than 50at% and TM is more than 0.1 at% for Fe in TM) which is ******^ and the R3TM 
intermetallic compound (Co in TM is more than 90at%) whose crystal structure is a prismatic 
crystal. 

[0023] The presentation of an average of a permanent magnet needs to be the presentation range of 
R2TM14 B phase and an R3TM phase (for Co in TM to be more than 90at%) where a two phase can 
live together at least. What is necessary is just to set the presentation range to TM as the remainder 
Lord B:2 - 40at% R:8 - 30at% at this. Preferably, the presentation range is made into less than 
[ Co:50at% ] Fe:40 - 90at% B:2 - 40at% R:8 - 30at%. Furthermore, what is necessary is just to set 
the presentation range to TM as the remainder Lord B:5 - 40at% R:l 1 - 50at% preferably. What is 
necessary is just to set the presentation range to TM as the remainder Lord B:6.5 - 9at% R:12 - 
1 6at% more preferably. What is necessary is just to set the presentation range to TM as the 
remainder Lord B:7 - 8at% R:12 - 14at% much more preferably. Moreover, the R-TM-B alloy to be 
used does not necessarily need to consist of a single necessary presentation, and after it grinds the 
alloy of a different presentation, it can mix, and it can also be adjusted and used for a necessary 
presentation. 

[0024] Moreover, in the main phase, the so-called half-**** elements, such as C, Si, and P, may 
permute the great portion of the great portion of [ a part thru/or ]. for example, the case where B is 
permuted by C ~ Bl-xCx - however, x is preferably good to at least 0.8. 

[0025] Well-known approaches, such as the casting grinding method, the quenching sheet metal 
grinding method, a super-quenching method, a direct reduction diffusion method, the hydrogen 
content collapsing method, and the atomizing method, can be suitably chosen as the approach of 
using a R-TM-B alloy as powder. By setting mean particle diameter in the end of an alloy powder to 
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1 micrometers or more, powder cannot react easily with the oxygen in atmospheric air etc., it is hard 
coming to oxidize, and the magnetic properties after sintering improve. Moreover, sintered density 
becomes high and is desirable by setting mean particle diameter to 10 micrometers or less. The range 
of more desirable mean particle diameter is 1-6 micrometers. 

[0026] It presses carrying out powder supply of the end of an alloy powder it was obtained into metal 
mold, and carrying out orientation in a field. In this case, it is also desirable to add a binder in the 
end of an alloy powder in order to raise ****** the end of an alloy powder and to make powder 
supply easy, and to perform a spray granulation as indicated by JP, 8-20801 ,A, for example. Or it is 
also possible to add a binder in the end of an alloy powder, and to fabricate a complicated 
configuration article by the metal injection mold method as indicated by JP,6-77028,A. When these 
binders are used, it is desirable to remove the binder contained in a Plastic solid before sintering by 
the pyrolysis. 

[0027] The acquired Plastic solid is sintered in a vacuum or the inert gas except nitrogen. Although 
sintering conditions are suitably selected according to the presentation in the end of a R-TM-B alloy 
powder, or particle size, 1-4 hours is desirable at 1000-1 180 degrees C, for example. The cooling 
rate after sintering is important when controlling the crystal structure of a grain boundary phase. That 
is, at sintering temperature, the grain boundary phase is the liquid phase, and if the cooling rate fi"om 
sintering temperature is too early not much, it becomes [ include many lattice defects or ] amorphous 
and is not desirable [ a grain boundary phase ]. 

[0028] In order for a grain boundary phase to take prismatic crystal structure, as for the cooling rate 
from sintering temperature, it is desirable that it is within the limits of 10-200 degrees C / min. Thus, 
by spending many hours on cooling enough, it becomes possible to take the regular crystal structure 
at the time of cooling, without a liquefied grain boundary phase being supercooled. A grain 
boundary phase is not amorphous, as a result of the physical relationship of the atoms in the interface 
of the main phase and a grain boundary phase becoming regular and maintaining both consistency by 
taking prismatic crystal stmcture, possibility that an interface will serve as an origin of reverse 
magnetic-domain generating decreases, and high coercive force is realized. The range of the cooling 
rate after more desirable sintering is 20-1 00 degrees C / min. 

[0029] for acquiring the effectiveness of the consistency of an interface — the near interface of the 
main phase and a grain boundary phase ~ at most — the crystal structure of a grain boundary phase 
should just be face centered cubic structure in the range of a number atomic layer. Moreover, 
generally the main phase is formed earlier than a grain boundary phase, since the crystal grain which 
constitutes the main phase is a single crystal, when the main phase and the grain boundary phase 
have consistency, the crystal magnetic anisotropy in crystal grain becomes high until it results [ from 
the interior of crystal grain ] in a coat, and high coercive force is acquired. 
[0030] As for ferromagnetic crystal grain, in this invention, it is desirable that the part or all is 
surrounded by the grain boundary phase. As for the diameter of crystal grain of the main phase, it is 
desirable that it is in the range of lOnm - 500 micrometers. In the case of a sintering process, it 
changes with 10-30 micrometers, and, in a super-quenching method, the range of the more desirable 
diameter of crystal grain changes fi^om 20-100 etc.nm etc. by each process. Moreover, since 
magnetic coercive force will decline if a grain boundary without a grain boundary phase, a twin 
crystal grain boundary, or a sludge exists in the main phase, as for the main phase, it is desirable that 
it is a single crystal. 

[0031] In order to control still more ideally the physical relationship of the atoms in the interface of 
the above-mentioned main phase and a grain boundary phase, it is required to limit the 
crystallographic orientation relationship of the main phase and a grain boundary phase. Here, the 
semantics of a crystallographic notation is explained. Notation"[hkl]" expresses the direction of a 
normal with Miller indices vertical to the crystal face expressed with h, k, and 1. Moreover, the "main 
phase" written in the small alphabetic character at the lower right of notation "[hkl]" and a "grain 
boundary phase" show that each direction is the thing of the main phase or a grain boundary phase. 
For example, notation"[001] main phase" expresses c shaft orientation of the R2TM14 B phase 
which is the main phase. Notation"//" described between the direction characteristics of a lot shows 
that these direction vectors are mutually parallel. 

[0032] next, a notation — the place which "(hkl) the "main phase" and the "grain boundary phase" 
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which "expressed the crystal face where Miller indices are expressed with h, k, and 1, and were 
described in the small letter, and notation mean is the same as the case of a direction. Here, in the 
direction about the same phase, and the notation of the crystal face, the Miller indices used show not 
the generalized characteristic but specific crystal orientation thru/or the crystal face. 
[0033] 
[Formula 3] 

§3^ "(221)*4**B" JlIB-^ "[lll]Jfa^ffi" 

[0034] The reason the specific orientation relationship in an interface raises magnetic magnetic 
properties is as follows. That is, near the interface of the main phase, the crystal field around R atom 
which has determined the crystal magnetic anisotropy of the main phase change in response to the 
effect of the atomic arrangement of the adjoining grain boundary phase. Since R atom of an R3TM 
grain boundary phase and R atom in the main phase are in the physical relationship which 
strengthens the above-mentioned crystal magnetic anisotropy when the crystal orientation of an 
R3TM grain boundary phase is one bearing of the combination of following (A) - (D), the crystal 
magnetic anisotropy near the interface of the main phase increases. Consequently, reverse magnetic- 
domain generating near the grain boundary becomes difficult, and since flux reversal cannot be 
carried out easily, it is thought that coercive force improves. 
[0035] 
[Formula 4] 

(001)±ffi//(00im#ffiA^o[110]£ffl//[110]*i^*a - (A) 
(001)±ffl//(llom*ffi;ij^"3[110]at«//[001])Ktl^ffl (B) 

(ooi)^«//(22im^;fBA^o[iio]3£*a//[ni]*i#ffl - (c) 
{OQi)^m//inim^mi^':^im]^m//inQm^m - (d) 

[0036] In the above-mentioned explanation, the atom of the grain boundary phase which affects the 
crystal field of R atom in the main phase is an atom near the interface which adjoins the main phase, 
therefore, this invention — setting — the orientation relationship of the main phase of the crystal 
structure above of a grain boundary phase, and a grain boundary phase — the near interface of a bi- 
phase ~ at most — what is necessary is to just be materialized in the range of a number atomic layer 
[0037] As an approach of making a grain boundary phase appearing in specific orientation 
relationship, there is the approach of controlling the cooling rate after sintering. That is, when an 
R3TM grain boundary phase cools the temperature requirement to 800 degrees C which is in a liquid 
phase condition, as mentioned above 300 degrees C or less to which atomic diffusion becomes very 
slow with the cooling rate of 1 0-200 degrees C / min, the main phase and a grain boundary phase 
with adjustable specific orientation relationship can be deposited near the interface with the main 
phase. This is for the grain boundary phase of prismatic crystal structure to grow so that the interface 
to which surface energy has the lowest crystal orientation in the front face of the main phase of a 
solid state may be formed. More desirable cooling rates are 20-1 00 degrees C / min. 
[0038] In this case, since the ratio of the lattice constant of a bi -phase changes with the component 
element of the main phase and a grain boundary phase, or differences in a presentation, crystal 
orientation may shift a little. However, since the include angle of this gap is at most less than 5 
degrees, even if it shifts, there can be little effect which it has on the crystal field of R atom in the 
main phase, and can discover expected effectiveness. 

[0039] It is also effective in control of interface structure to heat-treat the magnet once obtained with 
the sintering process, the super-quenching method, etc. other than control of the cooling rate from an 
elevated temperature in the temperature region whose diffusion of the atom in a grain boundary 
phase is 300-800 degrees C below the easy melting point. Also in this case, the energy of an 
interface serves as driving force, rearrangement of the crystal structure of a grain boundary phase 
takes place near the interface with the main phase, and an adjustable interface is realized. The 
desirable cooling rates after heat treatment are 1 0-200 degrees C / min. 

[0040] As mentioned above, although the gestalt of operation has been explained mainly taking the 
case of a sintering process, also in the manufacture approach of other R-TM-B system permanent 
magnets, it is completely the same as that of a sintering process about the manifestation approach of 
the structure of a desirable interface. 
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[0041] a sintered compact [ ingredient / with the outstanding magnetic properties acquired by the 
above-mentioned approach / permanent magnet ] — ** — after giving predetermined dimensional 
accuracy by a grinding process etc., in the case of a bulk magnet, required surface treatment can be 
performed, and it can magnetize and use for it. In this case, in order to ease the effect of processing 
distortion, heat-treating after processing is also a desirable operation gestalt. After fabricating by 
mixing the obtained magnetic powder with resin, in the case of a bond magnet, if required, surface 
treatment can be performed, and it can magnetize and use it. 

[0042] As for the value of the anisotropy constant Kl near the outermost shell of a ferromagnetic 
phase, in the permanent magnet based on [anisotropy constant] this invention, it is desirable that they 
are the interior, an EQC, or more than it. The EQC in this case is at least 50% or more of a value in 
the interior. It is desirable that the crystal magnetic anisotropy in the outermost shell section of a 
ferromagnetic particle is strengthened compared with the crystal magnetic anisotropy of the 
outermost shell section of this ferromagnetic particle in case a grain boundary phase does not exist. 
[0043] In the permanent magnet which has [distribution of a crystal magnetic anisotropy], and the 
specific crystal structure which is not amorphous, and consists of the metal which is a ferromagnetic, 
an alloy, or at least one sort of crystal grain of an intermetallic compound in a room temperature, it is 
desirable for the crystal magnetic anisotropy in the outermost shell location of this crystal grain to be 
equivalent to the interior of crystal grain (core) which can disregard the effect of the crystal grain 
exterior, or to improve, and not to decrease greatly compared with the interior. In order to acquire 
practical coercive force, as for the crystal magnetic anisotropy in the outermost shell location of 
crystal grain, it is desirable that it is more than one half of the crystal magnetic anisotropy of the 
interior which can disregard the effect of the crystal grain exterior. 

[0044] It is desirable to consist of at least 2 of the grain boundary phase which exists in the. form 
which serves as the main phase which has the specific crystal structure which are not the surrounded 
main phase and a [isolation structure] amorphous substance, and consists of the metal which is a 
ferromagnetic, an alloy, or an intermetallic compound in a room temperature from a metal, an alloy, 
or an intermetallic compound, and encloses the perimeter of the main phase phases. When a grain 
boundary phase surrounds a part thru/or all of a ferromagnetic phase (ferromagnetic particle) that 
constitutes the main phase, the improvement in coercive force is found. It is desirable that the 
ferromagnetic phase (ferromagnetic particle) is surrounded by the grain boundary phase more than 
one half. - 

[0045] [— the main phase and a grain boundary phase are desirable — put together — in] this 
invention, what has the property which was excellent as a main phase of a permanent magnet is 
good, a metal desirable as a main phase, an alloy, or an intermetallic compound has high saturation 
magnetization, and, specifically, what has a Curie temperature high enough above a room 
temperature is good. 

[0046] As for a metal desirable as a grain boimdary phase, an alloy, or an intermetallic compound, in 
this invention, what has that easy you have the melting point of the main phase, the melting point 
lower than catabolic rate, or catabolic rate, and make it spread around the main phase by heat 
treatment more highly than a room temperature is good. Moreover, as for the atom which constitutes 
a grain boundary phase, what acts as a cation to the outermost shell atom of the main phase, and 
raises the crystal magnetic anisotropy of the main phase is desirable. In the crystal structure of the 
grain boundary phase which deposits the crystal which includes the source of a cation in the grain 
boundary phase part which adjoins a ferromagnetic particle at least especially, and adjoins a 
ferromagnetic phase, it is desirable to locate a cation in the direction in which 4 f-electrons clouds of 
rare-earth-elements ion located in the outermost shell of a ferromagnetic particle are extended. If the 
metal which fulfills the conditions of the alloy above besides R in R3TM is illustrated, they will be 
more than kinds, such as Be, Mg, calcium, Sr, Ba, all transition-metals elements (Zn and Cd are 
included), and aluminum, Ga, ln(s), Ta, Sn, Pb(s). Moreover, it is more than a kind of Be, Mg, 
aluminum. Si, P, calcium, Sc, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, Sr, Zr, Nb, Mo, Cd, In, Sn, 
Ba, Hf, Ta, Ir, and Pb. Moreover, although the alloy of these metals or an intermetallic compound 
can also serve as a grain boundary phase, the example given above does not limit the applicability of 
this invention. 

[0047] As for the combination of the above-mentioned main phase and a grain boundary phase, what 
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lives in a temperature region with a bi-phase together in a balance like for example, the SmCo5 main 
phase and Y grain boundary phase is desirable. Moreover, when the main phase and the 2nd phase 
react, the 3rd desirable phase may be formed in a grain boundary so that an intermetallic-compound 
phase (gamma-FeZn) may be formed, for example at the reaction of the Sm2Fel7N3 main phase and 
Zn phase. In the case of the latter, the 3rd phase turns into a grain boundary phase as used in the field 
of this invention. 

[0048] In [range of additional trace elements] this invention, in order to raise the consistency of the 
main phase and a grain boundary phase, thru/or in order to raise magnetic properties, it is a desirable 
operation gestalt to mainly add a metallic element or metalloid element in a minute amount. The 
wettability of an interface is raised, or the above-mentioned additional trace elements have the 
effectiveness which raises the consistency of lowering and an interface for surface energy by 
carrying out concentration maldistribution at a grain boundary phase, being spread in a mismatching 
interface location, and adjusting the lattice constant of a grain boundary phase, and its magnetic 
coercive force improves as the result. 

[0049] Although there are C, N, aluminum. Si, P, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ga, Zr, Nb, 
Mo, above-mentioned metallic elements other than these, etc. preferably [ the element which may 
dissolve in a grain boundary phase ] as additional trace elements which carry out the above- 
mentioned work, the example given above does not limit the applicability of this invention. Since the 
residual magnetic flux density of a magnet good less than [ 1 .Owt% ] is obtained at a rate of as 
opposed to the whole magnet in the addition of the element added for the above-mentioned object 
and effectiveness predetermined at more than 0.05wt% is acquired, 0.05 - 1 .Owt% of the range of an 
addition is desirable. The more desirable range is 0.1 - 0.5wt%. The addition approach of additional 
trace elements can choose adding later etc. as a hardener suitably according to the magnetic 
manufacture approach by the powder metallurgy-technique made to contain from the start. 
[0050] As for the crystal structure of a [crystal structure of magnetic phase and grain boundary 
phase] grain boundary phase, it is desirable to resemble the crystal structure of a magnetic phase. 
Furthermore, it is desirable that the crystal structure of a grain boundary phase and the crystal 
structure of a magnetic phase are in specific orientation relationship. By this, the consistency of the 
specific atom by the side of a grain boundary phase and the specific atom by the side of the main 
phase increases. In the permanent magnet which consists of a main phase which consists of a 
tetragonal R2TM14B intermetallic compound (the rare earth elements, TM:Fe, or Co containing 
R:Y), and a grain boundary phase which consists of an R3TM alloy especially, it is desirable that the 
crystal structure of this grain boundary phase [ / near the interface of this main phase and this grain 
boundary phase ] is prismatic crystal stracture. Furthermore, it is desirable that crystallographic 
orientation relationship [ about indices of crystal plane and a bearing characteristic / near the 
interface of this main phase and this grain boundary phase ] is either of the combination of above- 
mentioned (A) - (D), 

[0051] Moreover, in the permanent magnet which consists of a main phase which consists of a 
tetragonal R2TM14B intermetallic compound (the rare earth elements, TM:Fe, or Co containing 
R:Y), and a grain boundary phase which consists of a R-TM alloy, it is desirable that the crystal 
structure of this grain boundary phase [ / near the interface of this main phase and this grain 
boundary phase ] is face centered cubic structure. Furthermore, it is desirable that crystallographic 
orientation relationship [ about a direction vector and indices of crystal plane / near the interface of 
this main phase and this grain boundary phase ] is either of the combination of following (E) - (G). 
[0052] 
[Formula 5] 

(001)^ffi//(110m#tgA^o[110]3iffi//[001]*l^« (E) 

{m)^w/mmmsi!x^-^[no]^m//[inm^m - (f) 
{ooi)i«//(iiim^ffiA-o[ioo]±w/[iiom#ffi - (G) 

[0053] When the grain boundary phase which consists of a grain boundary phase which consists of 
an R3TM alloy, and a R-TM alloy lives together, as for each crystallographic orientation 
relationship, it is desirable that it is either of the combination of either of the combination of - (D) 
and (above-mentioned A) above-mentioned (E) - (G). 

[0054] Most amorphous substances of a grain boundary phase may be [ that the atoms near the 
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interface with the main phase (at most number atomic layer) should just be the main phase side and 
adjustment ] selectively [ amorphously and ] amorphous. The same is said of the main phase. 
Moreover, although effectiveness is acquired when a part of interface is adjustment, it is desirable 
that more than one half of an interface is adjustment. Moreover, although there is no lattice defect 
near [ the ] the interface, a continuity is maintained and the regular thing of the main phase and a 
grain boundary phase is desirable, there may be a lattice defect in part. In addition, in an interface, it 
is desirable that the main phase and the grain boundary phase have consistency 50% or more. 
[0055] In the permanent magnet based on this invention, it is [ that a ferromagnetic phase should just 
be what shows practical coercive force under a certain conditions ] possible to constitute more than 
from a kind of a metal, an alloy, an intermetallic compound, semimetal, and other compounds. 
Moreover, the principle of this invention is applied to an intermediate-field pan from a permanent 
magnet raw material to the permanent magnets and those manufacture approaches as a final product. 
For example, as a permanent magnet raw material, there is powder obtained by the casting grinding 
method, the quenching sheet metal grinding method, the super-quenching method, the direct 
reduction process, the hydrogen content collapsing method, and the atomizing method. There are 
quenching sheet metal which it is ground and is used as the raw material of powder-metallurgy 
processing as intermediate field, and an amorphous object (part or all) which heat-treats and a part or 
all crystallizes. As a permanent magnet which is a final product, there are a magnet which bulk-ized 
those powder with sintering or bond, a casting magnet, a cold workable magnet, a thin film magnet 
according to the sputtering method, the ion plating method, PVD, or a CVD method fiirther, etc. 
furthermore — as a permanent magnet raw material or a final product ~ as the manufacture approach 
of a permanent magnet — the mechanical alloying method, hot pressing, the hot-forming method, 
between heat and a cold rolling process, and HDDR — there are law, an extrusion method, the Diapp 
setting method, etc., and it is not limited especially. The R-TM-B system permanent magnet based 
on this invention is used for a motor, medical-application MRI equipment, a loudspeaker, etc. 
[0056] 

[Example] It loaded with Remainder Fe and the raw material which consists of an unescapable 
impurity into the quartz tube with the phi0.3mm diameter of an orifice B6.5at% Co3.0at% [example 
1] Ndl3.0at%, the RF dissolution was carried out in Ar gas ambient atmosphere, the molten metal 
was injected and quenched on the fi-ont face of the copper roll which rotates by roll peripheral- 
velocity 20 m/s, and the super-quenching thin band was obtained. After grinding the mesh of 300 
micrometers of apertures of an eye for this coarsely to whole-quantity heat treatment of 600 
degrees C and 30min was performed in Ar ambient atmosphere, and it cooled to the room 
temperature with the cooling rate of 1 00 degrees C / min. The wafer of the obtained magnet powder 
was sampled, the sample for transmission electron microscopes was produced by the ion milling in 
Ar, as a result of observing, the average diameter of crystal grain was 78nm, and the grain boundary 
phase was the Nd3Co alloy of prismatic crystal structure with a thickness of 4nm. The magnetic 
properties after magnetization of the obtained magnet powder are shown in a table 1. 
[0057] As a result of sampling the wafer of the coarse-grinding powder of the super-quenching thin 
band obtained in the [example 1 of comparison] example 1 as it was and observing with a 
transmission electron microscope, the average diameter of crystal grain was 74nm, and the grain 
boundary phase was an amorphous Nd-Fe-Co alloy with a thickness of 3nm. The magnetic 
properties after magnetization of the obtained magnet powder are shown in a table 1 . 
[0058] 

[A table 1] 





^^^^ 




Br 

(kG) 
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bHc 
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11.8 


12.9 


6.4 


tmmi 




6.8 


7.9 


5.8 


3.2 



[0059] When the diameter of crystal grain is almost the same and the crystal structure of a grain 
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boundary phase compares the magnetic properties of an amorphous substance or the R-TM-B system 
permanent magnet of prismatic crystal structure so that clearly from the result of a table 1, it turns 
out that the magnetic properties the thing of prismatic crystal structure excelled [ magnetic 
properties ] especially in the field of coercive force are discovered. 

[0060] Co3.0at%, B7.0at%, the RF dissolution of Remainder Fe and the raw material which consists 
of an unescapable impurity was carried out in Ar gas ambient atmosphere, and the alloy was ingoted 
[example 2] Ndl4.0at%. Next, after carrying out coarse grinding of this alloy, the jaw crasher and 
the disc mill ground to 420 micrometers or less, further, jet mill grinding was carried out and powder 
with a mean particle diameter of 3 micrometers was obtained. The pressure of 1 .5 Ton/cm2 was 
applied and fabricated in the depth direction, having carried out powder supply of the obtained 
impalpable powder into 1 5mm long and a 20mm wide dice, and carrying out orientation in the field 
of 1 IkOe. Sintering held for 2 hours was performed, after taking out a Plastic solid, further, it cooled 
to 800 degrees C at the rate of 200 degrees C / min after the completion of sintering, and temperature 
up is carried out to 1 1 00 degrees C in a vacuum, and the sintered magnet was obtained [ it cooled to 
300 degrees C at the rate of 100 degrees C / min after that, subsequently Ar was introduced it cooled 
to the room temperature, and ]. Although the dimension of the obtained sintered compact decreased 
rather than the Plastic solid by contraction, a crack, cracking, deformation, etc. were not seen at all. 
Next, after holding 2h of magnets after sintering at 500 degrees C among a vacuum, it cooled to the 
room temperature at the rate of 20 degrees C / min. The magnetic properties after magnetization of 
the obtained sintered magnet are shown in a table 2. 

[0061] Moreover, the wafer of the obtained magnet was sampled, the sample for transmission 
electron microscopes was produced by the ion milling in Ar, as a result of observing, the average 
diameter of crystal grain was 12 micrometers, and the grain boundary phase was the Nd3Co 
intermetallic compound of prismatic crystal structure with a thickness of 120nm. Moreover, as a 
result of analyzing the crystal orientation of the grain boundary phase near an interface with the main 
phase by the limit visual field electron diffraction image, it turned out by almost all the observation 
part that it has one orientation relationship of above-mentioned (A) - (D). 

[0062] As a result of sampling the magnet after sintering obtained in the [example 2 of comparison] 
example 2, without heat-treating and observing it by the object for transmission electron 
microscopes, the average diameter of crystal grain was 1 2 micrometers, and the grain boundary 
phase was the Nd3Co intermetallic compound of prismatic crystal structure with a thickness of 
1 20nm. However, as a result of analyzing the crystal orientation of the grain boundary phase near an 
interface with the main phase by the limit visual field electron diffraction image, specific orientation 
relationship was not able to be found out. The magnetic properties after magnetization of the 
obtained sintered magnet are shown in a table 2. 
[0063] 

[A table 2] 
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[0064] When the diameter of crystal grain is almost the same, and compares the magnetic properties 
of the R-TM-B system permanent magnet of the prismatic crystal structure where the crystal 
structure of a grain boundary phase is the same so that clearly from the result of a table 2 and there is 
specific orientation relationship in the main phase and the grain boundary phase of the near, it turns 
out that magnetic properties excellent in especially the field of coercive force are discovered. 
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[0065] 



[Effect of the Invention] According to this invention, a guide is offered in order to design the R-TM- 
B system permanent magnet which has the high MAG engine performance (especially coercive 
force). Although the structure of the interface of the main phase and grain boundary interphase 
which determine coercive force was strange conventionally, when structure of the ideal interface for 
raising coercive force was clarified by this invention, while the guide of development of a new R- 
TM-B system permanent magnet is offered, the further improvement in the coercive force of the 
existing R-TM-B system permanent magnet is attained. Consequently, discovery of a new magnet 
ingredient becomes easy and utilization of the R-TM-B system permanent magnet which is not used 
since coercive force is low until now is also attained. 

[0066] Possibility that an interface will serve as an origin of reverse magnetic-domain generating can 
decrease, and the R-TM-B system permanent magnet by this invention can acquire high coercive 
force, as a result of the physical relationship of the atoms in the interface of the main phase and a 
grain boundary phase becoming regular and maintaining both consistency. Moreover, the R-TM-B 
system permanent magnet by this invention is the magnet ingredient with outstanding magnetic 
properties whose coercive force gave specific orientation relationship to the ferromagnetic phase and 
the grain boundary phase, and raised the crystal magnetic anisotropy near the interface of the main 
phase by strengthening the crystal field of R atom in the main phase near the interface, consequently 
improved since reverse magnetic-domain generating near the grain boundary was not able to be 
closed if , and it was not able to carry out flux reversal easily. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the R-TM-B system permanent magnet which are a 
R-TM-B system permanent magnet raw material, R-TM-B system permanent magnet intermediate 
field, and a final product about a R-TM-B system permanent magnet (rare earth elements, TM 
containing R:Y: transition metals). 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The R-TM-B system permanent magnet which the crystal structure of this grain boundary 
phase [ it is the R-TM-B system permanent magnet with which the crystal structure consists of an 
R2TM14B intermetallic compound (rare earth elements, TM containing R:Y: transition metals) 
which is ****** which serves as a magnetic phase from an R3TM alloy, and which mainly contains 
a grain boundary phase, and / near the interface of said magnetic phase and this grain boundary 
phase ] is mainly prismatic crystal structure, and this magnetic phase and this grain boundary phase 
adjust. 

[Claim 2] It is the R-TM-B system permanent magnet according to claim 1 which Fe in TM of more 
than 50at% and said TM is [ the sum total of Nd and Pr in R ] more than 50at% in Fe or Co. in said 
R2TM14B intermetallic compound, and is characterized by R being more than 90at% in said R3TM 
alloy. 

[Claim 3] The R-TM-B system permanent magnet according to claim 1 which Co in more than 
50at% and TM is [ Fe in TM ] more than 0.1 at%, and is characterized by Co in TM being more than 
90at% in said R3TM intermetallic compound in said R2TM14B intermetallic compound. 
[Claim 4] Crystallographic orientation relationship [ / near the interface of said magnetic phase and 
said grain boundary phase ] is [Formula 1]. 

mim^w/miym^mif^-Dimm^w/inom^m - (a) 

(mm\im//(no)n^mfp-:y[nom^m//myin^m - (b) 
(m)m\tm//(nim^miy^-y[mmt^M\//[mmnm - (d) 

** — the R-TM-B system permanent magnet according to claim 1 to 3 which is expressed with a lot 
even if few, and is characterized by the include angle of a gap of this orientation relationship being 
less than 5 degrees. 

[Claim 5] The R-TM-B system permanent magnet which said magnetic phase and said grain 
boundary phase adjust on both sides of said interface including the magnetic phase whose crystal 
structure is ******^ and the grain boundary phase whose crystal stracture [ / near the interface with 
said magnetic layer ] is a prismatic crystal. 

[Claim 6] The source of an R2TM14B intermetallic compound (rare earth elements, TM containing 
R:Y: transition metals) which demonstrates ferromagnetism, R2TM14B ****** is deposited using 
the source of an R3TM alloy as a raw material. The manufacture approach of the R-TM-B system 
permanent magnet which raised the crystal magnetic anisotropy of said R2TM14B tetragonal phase 
near [ which furthermore deposited the R3TM prismatic crystal phase around this R2TM14B 
tetragonal phase, was made to adjust this R2TM14B tetragonal phase and this R3TM prismatic 
crystal phase, and was adjusted ] the interface. 



[Translation done.] 
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